Introduction {#Sec1}
============

Hadrons containing one or more strange quarks have been studied extensively over past decades in connection with the study of quark-gluon plasma \[[@CR1], [@CR2]\]. Enhanced hyperon yields were observed in heavy-ion collisions with respect to those measured in proton-proton (pp) collisions at the same centre-of-mass energy \[[@CR3]--[@CR6]\]. These enhancements were found to be consistent with those expected from thermal statistical model calculations using a grand canonical ensemble \[[@CR7]\]. The canonical \[[@CR8], [@CR9]\] approach is suggested to explain the relatively suppressed multi-strange baryon yields in smaller collision systems such as $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{pp}$$\end{document}$, proton-nucleus (p--Pb) and peripheral heavy-ion collisions \[[@CR10]\].
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                \begin{document}$${\Sigma (1385)}^{\pm }$$\end{document}$, can be used in heavy-ion collisions to study the hadronic medium between chemical and kinetic freeze-out \[[@CR11]\]. Chemical and kinetic freeze-out define the points in time, respectively, when hadron abundances and the momenta of particles stop changing. Decay products of resonances are subject to re-scattering processes and emerge after kinetic decoupling with little memory of the source. Regeneration processes, conversely, increase the resonance yield \[[@CR12]\]. If re-scattering processes are dominant over regeneration processes, the measured yield of resonances is expected to be reduced. Moreover, the longer the time between chemical and kinetic freeze-out, the greater the expected reduction.

Recently, the ALICE collaboration reported results on $\documentclass[12pt]{minimal}
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                \begin{document}$$\text{ Pb--Pb }$$\end{document}$ data \[[@CR6], [@CR15]\]. The evolution of the mean transverse momenta ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\langle p_{\mathrm{T}}\rangle }$$\end{document}$) of mesons and multi-strange baryons were presented as a function of charged-particle multiplicity and particle mass. The observed decrease of the resonance to ground-state ratio $\documentclass[12pt]{minimal}
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                \begin{document}$$\,{\mathrm{K}}^{{*0}}/{\mathrm{K}}^{{-}}$$\end{document}$ has been suggested as an indication of re-scattering processes in the hadronic medium, as first observed in Pb--Pb collisions \[[@CR15]\].

This paper reports on the hyperon resonances $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s_{\mathrm{NN}}}= 5.02$$\end{document}$ TeV. The corresponding results for pp collisions have been previously published in \[[@CR17]\]. The results presented in this paper complement the p--Pb results given in \[[@CR10], [@CR14]\]. The measured $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm{T}}$$\end{document}$ spectra, yields and mean transverse momenta are presented for different multiplicity classes. Yield ratios of excited to ground-state hyperons are studied as a function of event multiplicity and compared with model predictions \[[@CR7], [@CR18]--[@CR20]\]. Considering the similar lifetimes of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{K}^{*0}/\mathrm{K}^{-}$$\end{document}$ ratio, is expected for increasing system sizes. Hyperon to pion ratios are also presented and compared to the results for ground-state hyperons with the same strangeness contents.

In this paper, the short notations $\documentclass[12pt]{minimal}
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Experimental setup and event selection {#Sec2}
======================================

A description of the ALICE detector and of its performance during the LHC Run 1 (2010--2013) can be found in \[[@CR21], [@CR22]\]. The data sample analysed in this paper was recorded during the LHC p--Pb run at $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta y_{\mathrm {NN}}$$\end{document}$ = 0.465 towards the direction of the proton beam with respect to the laboratory frame of the ALICE detector \[[@CR14]\]. For the analysed p--Pb data set, the direction of the proton beam was towards the ALICE muon spectrometer, the so-called "C" side, standing for negative rapidities; conversely, the Pb beam circulated towards positive rapidities, labelled as "A" side in the following. The analysis in this paper was carried out at midrapidity, in the rapidity window $\documentclass[12pt]{minimal}
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The minimum-bias trigger during the p--Pb run was configured to select events by requiring a logical OR of signals in V0A and V0C \[[@CR22]\], two arrays of 32 scintillator detectors covering the full azimuthal angle in the pseudorapidity regions 2.8 $\documentclass[12pt]{minimal}
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                \begin{document}$$-3.7< \eta _{\mathrm {lab}} < -1.7$$\end{document}$, respectively \[[@CR23]\]. In the data analysis it was required to have a coincidence of signals in both V0A and V0C in order to reduce the contamination from single-diffractive and electromagnetic interactions. This left only non-single diffractive (NSD) events, which amount for a total of 100 million events, in the minimum-bias (MB) sample corresponding to an integrated luminosity of about 50 $\documentclass[12pt]{minimal}
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The combined V0A and V0C information discriminates beam-beam interactions from background collisions in the interaction region. Further background suppression was applied in the offline analysis using time information from two neutron zero degree calorimeters (ZDC) \[[@CR22]\], as in previous p--Pb analyses \[[@CR24]\]. Pile-up events due to more than one collision in the region of beam interaction were excluded by using the silicon pixel detector (SPD) in the inner tracking system (ITS) \[[@CR22]\]. The primary vertex (PV) is determined by tracks reconstructed in the ITS and time projection chamber (TPC), and track segments in the SPD \[[@CR22], [@CR23]\]. MB events are selected when the PV is positioned along the beam axis within $\documentclass[12pt]{minimal}
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The MB events were divided into several multiplicity classes according to the accumulated charge in the forward V0A detector \[[@CR25]\]. The $\documentclass[12pt]{minimal}
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Data analysis {#Sec3}
=============

Track and topological selections {#Sec4}
--------------------------------

Table [2](#Tab2){ref-type="table"} summarizes the relevant information on the measured hyperon resonances, namely the decay modes used in this analysis and their branching ratios. In the case of $\documentclass[12pt]{minimal}
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Signal extraction {#Sec5}
-----------------

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Sigma ^{*\pm }$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Xi ^{*0}$$\end{document}$ signals were reconstructed by invariant-mass analysis of candidates for the decay products in each transverse momentum interval of the resonance particle, and for each multiplicity class. Examples of invariant-mass distributions are presented in the left panels of Figs. [2](#Fig2){ref-type="fig"} and [3](#Fig3){ref-type="fig"} for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Sigma ^{*+}\rightarrow \Lambda \pi ^+$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Xi ^{*0}$$\end{document}$($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\overline{\Xi }^{*0}$$\end{document}$) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\rightarrow $$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Xi ^-\pi ^+$$\end{document}$($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Xi ^+\pi ^-$$\end{document}$), respectively.[1](#Fn1){ref-type="fn"} Fig. 2(*Left*) the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Lambda \pi ^{+}$$\end{document}$ invariant mass distribution (same-event pairs) in 2.0 \< $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm{T}}$$\end{document}$ \< 2.5 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{GeV/c}$$\end{document}$ and for the multiplicity class 20--60%. The background shape, using pairs from different events (mixed-event background), is normalised to the counts in 1.9 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$<M_{\Lambda \pi }<$$\end{document}$ 2.0 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{GeV/c}^{2}$$\end{document}$. (*Right*) the invariant mass distribution after subtraction of the mixed-event background. The *solid curve* represents the combined fit, while the *dashed line* describes the residual background Fig. 3(*Left*) the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Xi ^{\mp }\pi ^{\pm }$$\end{document}$ invariant mass distribution (same-event pairs) in 1.8 \< $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm{T}}$$\end{document}$ \< 2.2 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{GeV/c}$$\end{document}$ and for the multiplicity class 20--40%. The background shape, using pairs from different events (mixed-event background), is normalised to the counts in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.49< M_{\Xi \pi } < 1.51$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{GeV/c}^{2}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.56< M_{\Xi \pi } < 1.58$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{GeV/c}^{2}$$\end{document}$. (*Right*) the invariant mass distribution after subtraction of the mixed-event background. The *solid curve* represents the combined fit, while the *dashed line* describes the residual background

Since the resonance decay products originate from a position which is indistinguishable from the PV, a significant combinatorial background is present. These background distributions were determined by means of a mixed-event technique, by combining uncorrelated decay products from 5 and 20 different events in the $\documentclass[12pt]{minimal}
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Corrections and normalisation {#Sec6}
-----------------------------

The raw yields were corrected for the geometrical acceptance and the reconstruction efficiency (A $\documentclass[12pt]{minimal}
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Finally, the yields were normalised to the number of events analysed in each multiplicity class, as defined in Table [1](#Tab1){ref-type="table"}. The MB spectra were instead normalised to the number of NSD events after applying the correction factors for trigger efficiency and event selection, primary vertex reconstruction and selection, resulting in a total scaling factor of 0.964 \[[@CR14]\].

Systematic uncertainties {#Sec7}
------------------------
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Each source of systematic effects was first requested to pass a consistency check, testing whether a change in selection criteria prevents statistically significant differences in the reconstructed yields \[[@CR29]\]. If the source failed the consistency check, the deviation between the default yield and the alternative one obtained by varying the selection was taken as systematic uncertainty. Sources which did not provide statistically significant differences are not listed in Table [5](#Tab5){ref-type="table"} (e.g. $\documentclass[12pt]{minimal}
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Results and discussion {#Sec8}
======================

Transverse momentum spectra {#Sec9}
---------------------------
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Integrated particle ratios {#Sec11}
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The results are compared with model predictions, PYTHIA8 for $\documentclass[12pt]{minimal}
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The results are also compared to thermal model predictions \[[@CR7], [@CR18]\]. For small systems a canonical treatment is a priori required to take into account exact strangeness conservation \[[@CR18]\]. This approach leads to a dependence on system size as can be seen in p-Pb collisions studying multi-strange hadrons \[[@CR10]\]. For the chosen ratios, however, the canonical corrections are identical for numerator and denominator (same strangeness quantum number). Therefore, the grand canonical values are used in Fig. [8](#Fig8){ref-type="fig"} for two models \[[@CR7], [@CR18]\], which are marked at the asymptotic limit, corresponding to the mean charged-particle multiplicity in Pb--Pb \[[@CR43]\].

The constant behaviour of the yield ratios of excited to ground-state hyperons with same strangeness content indicates that neither regeneration nor re-scattering dominates with increasing collision system size, even for $\documentclass[12pt]{minimal}
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The integrated yield ratios of excited hyperons to pions are shown in Fig. [9](#Fig9){ref-type="fig"} to study the evolution of relative strangeness production yields with increasing collision system size. Considering the relatively small systematic uncertainties uncorrelated across multiplicity (shaded boxes), one observes increasing patterns by 40--60% relative to results in $\documentclass[12pt]{minimal}
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